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y
Shaft BC: Di=gomm and Do=120mm, Shafts
AB & CD: solid of diameter d.
(a) The min. and max. SS in shaft BC,
(b) The required d for SS of 65 MPa.

T,=6kN-m ;
/ B

Ty = 14kN - m

T =26kN -m

T;, =6kN -m

T,=6kN.-m

T,=6kN m

TH - 14 l\’:\' - 1M

T

> M, =0=(6kN-m)-Tpg > M, =0=(6kN-m)+(14kN-m)-Tgc
TAB =6kN'm=TCD TBC =20kN -m
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6 kN - m

=76t -of)= Zloosor - 00se)]

~13.92x10 %m?

Thmax = — 7
~_ . _Tact, _(20kN-m)0.060m) T
max = ¢2 = =
J 13.92x10 °m* GKN .M
= 86.2 MPa -

Tmin _ G Tmin _ 45mm c = 38.9x10°m
Tmax ©C2 86.2MPa 60mm
Tmin = 64.7 MPa d —2c=77.8mm

z-ma)( = 862 MPa

Tmin = 64.7 MPa
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TA-I-TB =901Ib - ft

90 1b - ft ¢ — ¢l + ¢2 — O

b = T.L _TBLZ ~0

JG J,G
TB — _1J2 TA

J
1

Tat 2927, —golb- i

LoJp
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_ 3
— G =11.2 x 10° psi

The allowable shearing stress is 8 ksi,
(a) the largest T, of shaft AB,
(b) The corresponding angle A.

2.45 in.
0.875 in.

F T,z =T,
- B ‘
F
- =945in. rg = 0.875 in.

> Mg =0=F(0.875in.)-T,
> Mc =0=F(2.45in.)-Tcp
Tep = 2.8T)

WWW.AEGHBALLBLOG.IR
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Tagl (5611b-in.)(24in.)
IaeG  7(0.375in.)*{11.2x10%psi

Pa/B =

=0.387rad = 2.22°
TcpLl  2.8(561lb-in.)(24in.)

i ¢c/iD =
osi = Tp(0.375in.)

TagC J~nG  7(0Ein 6,
Tmax = —2— 8000 cpG  Z(0.5in.)*{11.2x10°psi
" e 7(0.375in.)" 2 ( )
. =0.514rad = 2.95°
Tp = 663Ib-in.
— _ o)_ 0
et 30005i 2.8T5(0.5in.) dg = 2.84c = 2.8(2.95 )_8.26
max — 4 - - \4

Jep 7(0.5in.) dn =g +Pp/p =8.26° +2.22°
To =561lb-in. Tp =561Ib -in ép =10.48°
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TC
Fmax =" P=Tw=24T & *
T _ _ P B P . "
Joms. (solid shafts) T="=c el *
c 2 Tmax
J
—=i(c§— 4)= (hollowshafts) '# \
Cp  2C Tmax 17 \
T
il
K 14 ,
7
<o
1.2 \\\\Q\\
* Y
TC Tc 11 [
Tmax = T Tmax = K T
1'00 0.05 0.10 0.15 0.20 0.25 0.30
r/d
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TC ¢ c ,
Tmax = 3 = (I)PT(Z”P dp)= 27[(]),0 T dp
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At the maximum elastic torque,

TY Zify l7ZC3Z'Y ¢Y ZLA

C 2 C

As the torque is increased, a plastic region
develops around an elastic core ( 7 = ﬁry )

4

T ) ,OY
’ Py = Lyy
5 ¢
P _ 2.3 AN 1P
T=37 TY[l‘zC—g =3lv|1Ta 3
T 3
_41,| 19
T, = §Ty [-e==smmosomsooooooaoaooan T _§TY(1 4¢3j

| A py 0, the torque approaches a
limiting value,

| _é J— 1
—— Tp —3TY = plastictorque

WWW.AEGHBALLBLOG.IR . o
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4.60 kN - m Elastoplastic material with 7y =150 MPa

a) The radius of the elastic core,
4.60 kN - m ( ) f

V & j50 . (b) The angle of twist. G =77GPa
' (c) The permanent twist,

(d) The distribution of residual stresses.

3 b ¢ Py &,
T=4TY{1“1‘WJ e

3 C3 Ty Py /C
g Tk (3.68x10°N)1.2m)
= 4" =4 7(25x10°°m)=614x10"*m’ TG (614x10°m*)|77x10Pa)
T —E - T _ﬂ ¢y=93.4><10_3l‘ad
\ Yy —
! ‘ 93.4x10"rad S
o _[50x10°Pa)erax10°mt) oo p= o =148.3x10 *rad
y = = =3.
25x107°m o
¢ =8.50
%
ﬁ=(4—34—6j _0630 py =15.8mm
c 3.68
WWW.AEGBALL.BLOG.IR - —
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Evaluate Eq. (3.16)
g TE_ (4.6x10°N-m)1.2m)
- JG  (6.14x10°m* )77 x10°Pa
0, =¢—¢ =(116.8x10° ~116.8x10° Jrad =1.81°

3 -3
oo _Te_ (4.6x10°N m)(gzsjlo M) 167 3mPa
J 614x10°m

):116.8><103 rad

7 (MPa) 7(MPa) 7(MPa)

150 |--=-~- i

16 WWW.AEGHBALI.BLOG.IR
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TABLE 3.1. Coefficients for
Rectangular Bars in Torsion

a/b Cq (o

1.0 0.208 0.1406
] 0219 0.1661
1.5 0.231 0.1958
2.0 0.246 0.229
2 0.258 0.249
__ 3.0 0.267 0.263
- 4.0 0.282 0.281
5.0 0.291 0.291

o= P 10.0 0.312 0.312
ciab? c,ab’G 0 0.333 0.333
WWW.AEGHBALLBLOG.IR : 1=
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> Fy =0=r1a(tpdx)-7g(tgAX)
7ot o= 7ptg= 7t = q = shear flow

dM, = pdF = pz(tds)=q(pds)=2qdA
T ={dMg =§2qdA=2gA

_ T
2tA

T
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Aluminum has a torque of 24 kip-in. & e

(a) uniform wall thickness of 0.160 in. P,

(b) AB &CD: .120 in. CD and BD: .200 in. - { ¢ = 0.160 in. % L

4 in. t = 0.160 in
A ¢ B , S {_,_,_____,w,J
' T \ G f D
— |=—0.160 in.
2.51in
j o160~ A = (3.84in.)(2.34in.) = 8.986in.
s — q_ T _ 24Kip-in. _ o kip
@ 2A " 2(8.986in 2 in.
: 1.335kip/in. .
J r=3 P/iN: _g 3axs
l — 2 t 0.1601n.
/<= 0.120 in. ~ 1.335Kip/in.
2.5l in, o.zooJ’in._. i Tag =Tpc = 0.120in. 11.13Kksi
¢ 1.335kip/in. .
¢ i B =Ton = = 6.68KkslI
®) 80 = Fe0 =0 2001,
WWW.AEGHBALI.BLOG.IR - ———T
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